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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

1 . Hard material coating which is manufactured according to combination process of cathode arc evaporation, sputtering 
or sputtering / cathode arc evaporation, sputtering / low-battery electron beam evaporation, or low-battery evaporation / 
cathode arc evaporation, consists of hard material layers, and is characterized by the layer containing about 0.1 to 4 at% 
yttrium. [ of the duality which consists of a nitride or a carbonitriding object, 3 yuan, or 4 yuan ] 

2. Hard material coating according to claim 1 which said layer consists of 3 yuan hard material layers TiAIN of 10 - 
70at% aluminum content, and is characterized by containing 0.1 - 4at% yttrium in this layer. 

3. Hard material coating according to claim 2 characterized by said layer consisting of polycrystal face centered cubic 
structure which has <200> preferred orientation. 

4. Hard material coating according to claim 2 or 3 to which reinforcement of main XRD peaks from pattern (111), 
(220), and (3 1 1) is characterized by small thing only at least 70% [ reinforcement / of a peak (200) ]. 

5. (200) Hard material coating given in either of claims 2, 3, or 4 which is characterized by full width at half maximum 
(FWHM) of XRD peak being larger than 1 degree of 2theta. 

6. Hard material coating according to claim 2 or 3 characterized by distributing said yttrium in growth direction of said 
coating at ununiformity. 

7. Hard material coating according to claim 1 to 6 characterized by content of said yttrium reaching to about 1 .5 to 2.0 
at%. 

8. Hard material coating according to claim 1 to 7 characterized by exchanging said yttrium for yttrium and alloy of 
scandium. 

9. Hard material coating according to claim 1 to 8 characterized by content of said scandium reaching to 50at(s)%. 

10. Hard material coating according to claim 1 to 9 characterized by the base layer which adjoins a substrate not 
containing an yttrium substantially. 

11. Hard material coating according to claim 1 to 10 characterized by said coating consisting of TiAlN/TiN of 0.1 - 
4at% Y content, TiAlN/ZrN, TiAlN/CrN, TiAlN/MoN, and a multilayer superlattice of TiAlN/WN. 

12. Hard material coating according to claim 1 to 1 1 characterized by for said coating consisting of TiAlN/TiN, 
TiAlN/ZrN, TiAlN/CrN, TiAlN/MoN, and a multilayer superlattice of TiAlN/WN, and said Y being incorporated by the 
TiAIN layer of superlattice coating. 

13. It is hard material coating according to claim 1 to 12 characterized by consisting of Cr 2at(s)% of preferably 1 - 
10at% of a total metal content. 

14. Hard material coating according to claim 13 characterized by using Cr instead of an yttrium. 

15. Hard material coating according to claim 1 to 14 characterized by the 30 - 70at% thing which an additional carbon 
content exists at said layer. 

16. Hard material coating according to claim 15 which said carbon is introduced only into an outside layer field, and is 
characterized by the thickness of the layer field of the outside amounting to 0.5-1 micrometer. 

17. Hard material coating according to claim 1 to 16 characterized by all the thickness of hard PDV coating amounting 
to about 1.5-5 micrometers regardless of the presentation of said layer. 

18. Hard material coating of a publication of either of claims 1-17 to which surface roughness of hard PDV coating on 
the substrate ground to RaO.OlOmicrometer is characterized by reaching the value not more than Ra0.050micrometer. 

19. Hard material coating according to claim 1 to 18 to which the ingredient of said substrate consists of high-speed 
steel (HSS) or a hard metal, and the components to coat are characterized by being formed of forming tools, such as a 
twist drill, a milling cutter, a reamer, the exchangeable cutting tip or ************ punch, and a forging die. 

20. PVD which coats a substrate with hard material coating according to claim 1 to 19 characterized by at least one 
cathode using the multiple-targets vacuum evaporationo equipment with which the substrate which is not equipped with 
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Y content target but is coated attaches the swftrate in pivotable substrate attachmenm^iipment so that it may be 
intermittently exposed to Y content target. 

21.4 cathodes - especially « every four length - a line - the approach according to claim 20 which has a cathode and is 
characterized by vapor-depositing said coating within 4 target compound arc / non-equilibrium magnetron PVD vacuum 
evaporationo equipment with which the substrate with which only one of them equips with and coats Y content target is 
attached in the pivotable substrate attachment equipment which permits substrate rotation of a duplex at least. 

22. The approach according to claim 20 or 21 characterized by equipping with Cr target especially one of said the 
cathodes used as a cathode of cathode arc etching, and only one of equipments and the three cathodes of these equipping 
the location of other three cathodes with Y content target for a TiAl target. 

23. The approach according to claim 22 which mixes Cr in at least one of the TiAl(s) of multiple-targets PVD coating 
equipment, especially arc coating equipment, and is characterized by using it for arbitration instead of an yttrium. 

24. -The approach according to claim 19 to 23 characterized by first turning ON the cathode behind the target which 
contains an yttrium after vacuum evaporationo of the base layer to the substrate top which does not contain an yttrium 
substantially, i.e., the base layer in which an yttrium exists as an impurity as an intentional component of the layer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

Hard material coating which uses an yttrium, and its vacuum evaporationo approach related field This invention relates 
to*the PVD hard coating ingredient of the PVD hard coating ingredient for engineering components (PVD hard coating) 
used by hot environments, and the tool of especially the for the non-cooling agent of an ingredient, and for non-lubricant 
cutting. 

Prior art Especially in the auto industry, as for the non-cooling agent of an ingredient and non-lubricant cutting 
especially die steel or the non-cooling agent of a metal like an aluminium alloy, and non-lubricant cutting, importance is 
increasing increasingly. 

The TiN layer and TiCN layer which were vapor-deposited with known PVD and a known CVD method cannot attain 
this purpose. It is because all begin to oxidize with operating temperature higher than 400 degrees C and are 
considerably worn out especially in a cutting edge. This has the very weak oxide generated and is because it breaks from 
TiN or TiCN coating for those low bond strength and a different thermal expansion. Therefore, the thickness of the layer 
of a marginal field decreases considerably continuously during cutting at an elevated temperature. The same 
effectiveness may also produce a forming tool. 

It turned out that it is suitable in order that TiAIN applied to PVD as hard material coating may bear an oxidation 
process. For example, ** which can raise the temperature which begins to oxidize when a hard material layer consists of 
a 50at(s)% Ti and 50at(s)% aluminum to 700-800 degrees C 

t^I^^tlt^S (¥.-D.Mttnz, J. Vac. Sci. Technol.. A4(6) 

(1986)2117. 

More aluminum contents, i.e., aluminum content to 70at(s)% of each metal content, are reported. It is known for the 
field of coating of a turbine blade by adding an yttrium that the oxidation resistance of the thermal break of superalloy 
like CoCrAlY or a zirconium dioxide will increase. 

In the field of coating of hard material, although the layer of TiYN of Y content beyond 10at% was reported, it turned 
out that this layer is not suitable for industrial use mainly for that brittleness (J. R.Roos, J.P.Celis, E. Vancoille, 
H.Veltrop, S.Boelens, F.Jungblut, J.Ebberink, H.Homberg, Thin Solid Films, 193/194 (1990) 1543). 
Outline of invention The purposes of this invention are stabilizing thermally the interface between hard material coating 
and each substrate, and decreasing the manifestation of oxidation further. 

By this invention, it proposes adding a small amount of yttrium of duality, 3 yuan, or 4 yuan in a TiAl multicomponent 
layer for this purpose. As for an yttrium, it is desirable to be distributed over an ununiformity to the growth direction of 
coating. This means that distribution is not uniform at right angles to a substrate front face. 

The alloy which contains an yttrium or a pure yttrium, and a pure scandium especially is added to well-known TiAIN. 
As for an yttrium, according to this invention, it is desirable to add by the 0.1 - 4.0at% density range during the 
multilayer coating tip of a 3 yuan TiAIN alloy or TiAN/CrN, TiAlN/ZrN, TiAlN/TiN, TiAlN/MoN, and TiAlN/WN. 
The percent value of an yttrium is estimated as percent of only a metal component. It is desirable to use only Ti and 
aluminum component [ 1.5 - 2.0at% of] Y content. 
Coating of a tool is sputtering (non-equilibrium (it invar-runs)). 

X) 7^^d>UBM) (I.-D.Ittnz, Surf, Coat. Technol,, 4 

As 8 (1991) 81, cathode arc evaporation, for example, a guide arc, i.e., a control arc, or cathode arc evaporation / 
sputtering^ & ( W. -D. Mtinz, D. Schulze, J. M. Hauzer, Surf. Coat. 
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It is desirable that the combination of Techi^, 50 (1992) 169, sputtering / low-battery electron beam evaporation 
(anode arc evaporation), or low-battery evaporation / cathode arc evaporation generates. 

Uneven distribution of the yttrium in the growth direction of hard coating is attained by special selection of vacuum 
evaporationo conditions. Distribution of the longitudinal direction of an yttrium parallel to a substrate front face must be 
uniform as much as possible. Uneven distribution of the growth direction is acquired by using a multiple-targets non- 
equilibrium magnetron sputtering system. Drawing 1 shows the cross section of industrial 4 target PVD coater (full). 
ttttttVI : W. -D. Miinz. D. Schulze, P. J # M # Hauzer, Surf. Coat. 

Technol., 50 (1992) 169. Four cathodes are perpendicularly attached in the door of a vacuum chamber. These cathodes 
are designed by linearity. The target (thickness of a target: l-2cm) of four rectangles of a 60cmx20cm typical dimension 
is attached in four cathodes. The substrate (all over drawing, shown as a base) to coat is attached in a rotation turntable 
as shown in drawing 1 . These substrates are exposed to 3 times as many planetary rotation as this so that it may be 
drawn by the arrow head of drawing 1 . These substrates pass along all four cathodes that collects the vaporized atoms 
by which the spatter was carried out from the cathode during coating. When uniform distribution of an alloy ingredient 
is required, the same sputtering ingredient must be attached in all four targets. In vacuum evaporationo of TiAlYN, all 
four cathodes must be equipped with the target of the same presentation. 

It is the desirable description of this invention to avoid that an yttrium is incorporated by homogeneity covering the 
thickness of the whole hard material layer like [ in case an yttrium is distributed over equal concentration over all the 
targets in the multiple-targets vacuum evaporationo equipment contained in a vacuum evaporationo process ]. 
Therefore, according to this invention, an yttrium is distributed over an ununiformity covering the thickness of the 
whole hard material layer, and this special distribution is acquired within the multiple-targets vacuum evaporationo 
equipment used only as a desirable single target at an alloy without using an yttrium as an alloy into all targets. 
Operation gestalt of invention The advantageous example of this invention is explained to the following examples in 
relation to drawin g 1 - drawing 8 while indicating it to a subclaim. 

If the multiple-targets vacuum evaporationo equipment with which an yttrium is distributed over equal concentration 
over all the targets contained in the vacuum evaporationo process of TiAIN is used, it can be shown that an yttrium is 
incorporated by homogeneity over the whole hard material layer. 

Although this affects generation of the precise oxide layer of coating of a hard nitride, for example, the top face of 
TiAIN, fluctuation of the interface between coating of a nitride and a substrate takes place with a temperature rise. This 
fluctuation was only able to be prevented according to uneven distribution of Y in the growth direction of coating 
mentioned above. 

In detail, the following target assemblies were used. For the combination of a guide arc / non-equilibrium magnetron 
vacuum evaporationo process, Cr target was prepared in one cathode. This Cr target performed the metal ion etching 
process within guide arc discharge, and it was used for it in order to establish a beautiful substrate front face within a 
vacuum. Cr is a substrate table. 

ffil:lf LtifLfcTiAlN (W.-D. Miinz, L v. Smith, L. A, 

Donohue, V.S.Brooks, and the German patent application 195th - in order to decrease generation of the drop which 
produces the growth defect in 47 305.1 No. or TiAlYN, it chose as a target ingredient. Two targets were what consists 
of a 50at% Ti and 50at(s)% aluminum. Y content target which consists of a 48at(s)% Ti, a 48at(s)% aluminum, and 4at 
(s)% Y typically was attached between two TiAl targets. 

Drawing 1 shows the actual target assembly. The sequence of a rough process is shown in drawin g 2 . This drawing also 
shows starting without vacuum evaporationo of the hard coating by the non-equilibrium magnetron using a TiAlY target 
first. Vacuum evaporationo of a pure TiAIN base layer heightens the adhesion force of TiAIN coating of 4 yuan like [ at 
the time of mentioning above about TiAlYN ] like TiAlNbN. 

Moreover, Cr cathode was used during vacuum evaporationo of TiAIN and TiAlYN in non-equilibrium magnetron 
mode with the very low output level. Although the TiAl target and the TiAlY target were operated by 8-10kW, 0.2- lkW 
of Cr targets was typically operated by 0.5kW. First, it considered preventing the cross contamination from a TiAl 
target. However, it turned out that coating of a low chromium content increases oxidation resistance as compared with 
pure TiAIN coating. The detailed combination of a coating parameter is shown in Table 1 . 
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if "the desirable vacuum evaporationo conditions" shown in Table 1 is used -- WDX (wavelength dispersive X-ray 
spectrometry) 

It turned out that the metal components of hard material coating are the following film presentations as be alike. 
40at(s)% Ti 56at% aluminum 2at% Y 2at% Cr SNMS (secondary-neutral-mass-spectrometry method (Secondary 
Neutral Mass Spectroscopy)) 

It is used and stabilization of the interface between the hard coating and the steel substrates by the uneven incorporation 
of Y is shown in drawin g 3 - drawin g 5 . 

Drawing^ shows completely uniform distribution of the coating components aluminum (4) and Ti (6) and Cr (7) 
covering all thickness range, and N (3). The reinforcement of metal concentration is given by the non-adjusted value. Y 
is not incorporated in this coating. Therefore, Y is only identified as a low-concentration irregular element. This sample 
was heat-treated at 800 degrees C in air for 1 hour. In spite of this heat treatment, rapid attenuation of the signal (8) of 
Fe is observed and it is shown that remarkable distribution of Fe to the inside of hard coating did not take place. A little 
thin oxide layer is generated by the top face of TiAIN coating so that it may be shown by parallel reduction of the signal 
(3) of the rapid increment in the signal (1) of oxygen, and N. 

However, if heat treatment temperature becomes high to 900 degrees C, remarkable distribution of Fe of a under 
[ coating ] is observed ( drawing 4 ). Generation of a surface oxide layer increases. Signal 

The configuration of 4 (aluminum), 5 (Ti), 1 (O), and 3 (N) shows that a dark aluminum top-face layer and a dark Ti 
oxide are generated between aluminum oxide and the TiAIN film by the oxide which hardly contains N. Generation of 
the oxide of the shape of sandwiches which does not contain N of the top face of this TiAIN coating is checked by 



former research (D).McI nt y re, J. E, Greene, G. Htikansson, J. -E. Sundgren, V, -D. 
Miinz, J. AppL Phy. 67 (1990) 1542) 0 tlfiJ Stlfc?-* (gj4 



The thickness of a 0.8-micrometer oxide can be presumed by the extrapolation from **** "A." The uneven 
incorporation of Y of a under [ coating ] changes completely the result obtained by SNMS analysis ( drawin g 5 ). Like 
the case of 800 degrees C, rapid attenuation of the signal 6 of Fe is observed by the interface, and it is shown clearly that 
distribution of Fe is controlled completely. 

The Y itself seems to be distributed between an oxide on top and an interface at homogeneity. SNMS does not permit 
disassembly of a stratified object, therefore does not permit the uneven incorporation of Y of a under [ coating ]. It can 
be considered for rotation of a substrate electrode holder that the concentration of Y is the concentration of the stratified 
object which changes for example, in the growth direction in abbreviation sine. While it is shown whether there to be 
than that in which a dark aluminum oxide does not contain Y, or more SNMS is few, it is only shown whether what 
shows whether Y is incorporated by the part of Ti oxide exists. Moreover, the thickness of a sandwiches-like oxide 
decreases to about 0.65-micrometer thickness by the incorporation of Y. 

The effect of the oxidation resistance on low-concentration Y and low-concentration Cr to generation of inactivation 
oxide coating to the top face of hard nitride coating was proved by TG (heat mass) analysis. Drawing 6 shows the 
constant-temperature line recorded over the reaction time by 10 hours in air at the temperature of 900 degrees C. it turns 
out that it is alike by the hot air with the oxidation under reaction of TiAIN, and 2at(s)% Cr is already decreasing the 
increment in weight. However, when Y was added in "ununiformity" mode during coating, it turned out that it is 
improved most notably. 

For the comparison, the oxidation behavior of TiN is also shown in drawin g 6 . It turns out that the increment in weight 
increases rapidly for the spontaneous generation of Ti02 in 900 degrees C. Coating has already oxidized completely 1 
hour after. Therefore, in this temperature requirement, in order that a stainless steel substrate ingredient may only 
oxidize slightly, carrying out the increment in weight further is not observed. 

With the discrete concentration of Y to one target, it is influenced [ substantial ] of the growth device of coating. 
Coating which does not contain Y showed remarkable <1 1 1> preferred orientation in X-ray analysis. Drawin g 7 a 
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shows the XRD Fig. of Ti0.42aluminum9.^N coating. 

The XRD Fig. of TiAIN which has continuous Y distribution is very alike although the peak is large somewhat, and it 
shows the higher internal stress and a smaller particle size of polycrystal coating. If Y is incorporated from a single 
target, a XRD spectrum will change completely. As shown in drawin g 7 b, <1 1 1> preferred orientation changes to the 
<200> preferred orientation which has the sharp peak which became very small. Both a larger peak and <200> preferred 
orientation show a smaller particle size of the growth film, and a continuous re-nucleation. 

It turned out that the heat stabilization which the interface mentioned above put into practice can be attained under target 
arrangement conditions as shown in draw i n g 1 . Moreover, as compared with cathode arrangement of a series of small 
circular cathodes which are used to a cathode arc evaporator very well, a linear cathode is parallel to a substrate front 
face, crosses the total height of a cathode overall length, and permits very uniform distribution of Y content. 
The assumption of the continuous re-nucleation and the atomization which are produced according to uneven 
distribution of Y of the growth direction of coating is raised by cross-section TEM (transmission electron microscope 
inspection) analysis. 

Drawing .8 a is the TiAIN coach to whom it was reported [ in / drawingjS a and drawing .8 b show the TEM image by 
which computer processing was carried out, and / former research ]. 

>^®HSlW^tta^g^^ LtOS (G. Hilkansson, J # -E # Sund 
gren, D. Mclntyre, E. Greene, W. -D. Mtlnz, Thin Solid Films, 

153 (1987) 55. 

However, drawin g 8 b is proving the fine fine grain film growth which shows regular pillar-shaped growth clearly only 
immediately near the interface. Into this part of coating, as shown in drawin g 2 , the base layer vapor-deposited. 
Moreover, drawi ng 8 b is checking an understanding about reduction of oxidation of Y content TiAIN coating for the 
diffusion path of the oxygen which met the particle size which decreases and which was extended clearly. Moreover, it 
is also known that fine grain hard coating will receive high internal stress. Therefore, since the effect of internal stress to 
adhesion of coating must be decreased according to this interface with an inclination, the result of TEM shows that 
installation of the base layer which does not contain Y is right. The higher internal stress of a fine grain TiAlYN can 
also be quantified with the strengthening degree of hardness HK 2700 as compared with coating which does not contain 
Y of HK2400 typically. 

It was shown that the effectiveness produced by the incorporation of Y mentioned above by experiment when the 
yttrium was used as the alloy with a scandium can be improved further. It turned out that the typical constituent of a 
50at(s)% Y and 50at(s)% Sc does remarkable effectiveness so. 

In addition, in order to bring about the advantageous effect of an yttrium, it is hard material ****. 
&%}$1%izm bfriZ-f Z ZtZBLt: (I.-D. MUnz, I.V. Smith, 

L.A. Donohue, J.S.Brooks, and patent application 19547th No. 305.1. 

For example, in the surface roughness of the range of Ra=0.150-0.3micrometer produced by generation of the drop 
under cathode arc discharge evaporation, the cutting behavior of the twist drill in actuation in which it does not cool is 
restricted a little. However, in Ra<0.050micrometer granularity, it turned out that a life is raised substantially. 
The following trials were performed about the twist drill. 

Tool Twist drill Diameter of 8mm Blind hole Diameter of 27mm Cut ingredient GG27 (trial iron) 

Cutting speed 60 m/min Feed per revolution 0.2mm / rotational frequency The following results were obtained by the 

drilling test. 

It is punching although not coated. 17 holes Punching of TiAIN (Ra=0.15-0.20micrometer) 100 holes Punching of 
TiAIN (Ra<=0.05micrometer) 250 holes Punching of TiAlYN (Ra<=0.05micrometer) 600 to 1,100 hole 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[DrawingJJ 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



4/6/2004 



THIS PAGE BLANK 



(USPTO) 




http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



4/6/2004 



THIS PAGE BLANK ojspto) 



F ig. 2 



C r \Z£Z>M?)\,- 



x^v^a> TiAIN 

TiAt : 2x 8 kW 
Cr : 0,5 kW 



I 



5 s #^^a> TiAlYN 

TiAl : 2x 8 kW 
TiAlY : 8 kW 
Cr : 0,5 kW 



Page 3 of 9 



[Dr awin g 3] 



http :// www4.ipdl .j po . go .jp/cgi-bin/tran_web_cgi_ejj e 



4/6/2004 



THIS PAGE BLANK 



A* 

m 

& 

ID k 
JL! El 

BJ) <*> 
■fi- CO 

e a 

F v 

X! IK 




Page 4 of 9 



I'M 



v 

D 

m 



I V 



Eg 



CDQO CO CO qo OO CO CO GO 
» ■ « • « • ■ • • 

cdc7> cd cncn cr> cn cn cn 



ooooao a co a 



LDljOLniDLO LT"> CO LP LO 



ooaoo o o o o 
co cvj ^3 r< o oo r\j cri an 

t — -• — ■ * — - CvJ^T ^J- LO t_T) oD 



CO 

s 

2 

CO 



K 
H 




[Drawing 4] 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgLejje 



4/6/2004 




THIS PAGE BLANK (uspto) 



ft 




Page 5 of 9 



EE 

. V 
K? K 

■5? □ 

$ cn 
®% 

■B- Q 

Q v 

- I 

\ n 

s« 



V 

□ 

on 



CD CO 



GO CO GO CO CO 

• • • • » 

CD CD CD CD CD 



> K 
1 V 

m 
m 

IK 

O 



cd 

LO 



CD 
LO 



CO CNJ 



CD CD CD CD CD 
LOLOLOLOLO TCn 

•11$ 

aDoa a ft 

^j- colo cn t"6 

, — C^i LO ao 

u 



v^O On 
x — ro 



On 



L3 



on 



LLULJ 1 — I L. 



L I 1 - t I 




[Drawing 5] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



4/6/2004 



THIS PAGE BLANK (usfto) 



+-» 

p □ 

G Z 

Xi CO 

r-l G 

\z 

Si 



LO 



cr> 



III I, I, I L. 



s 

V 




Page 6 of 9 



! ! I 



I ! i 



V 
Is 

□ 



ft 



CO CO GO CO CO CO CO 
CD CD O^ CD CD OS CD 



K 
*x K 
I V 



N- 



ooooaoo 
cd cd a'dao d 

LOtOLDLDLnLOLT) 



aoooooo 

co c^J — ^ r * > ' 00 00 Cn" 

i— i « (N^JLOOO 



CP 



IK 
* 

i-6 



-4* 
1 

m 



? 1 1 1 1 i i — i — r— 




■R t> A 



[Drawing 6] 



http://www4.ipdl j po .go .jp/cgi-bin/tran_web_cgi_ej j e 



4/6/2004 




THIS PAGE BLANK (uspto) 



Page 7 of 9 




http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



4/6/2004 




THIS PAGE BLANK (uspto) 



a) 



fig 7 TiAlNfttf T^lY N® X R D#ffi 

' (&m&m b i - Nac mm) 

TiAIN 



Page 8 of 9 




sub I 
<311> 



sub 



sub & 
<200> 



<220> 



UJ»JJ 



<222> 



<sub> 



In- J 



sub <331> 




60 



80 



100 C20] 



b L T 



2500 



IAIXN 



2025 
1600 - 
1225 - 
. 900- 

73 

V 625 -I 
I' 4004 



225 
100 
25 H 



0.0 



sub & <311> 



sub 



<200> 
& sub 



<111> 



sub 



<220> 




<222> 



sub <331> 



1 r 



i 1 r 



20 

[Draw ing 8] 



40 



60 



80 



100 [*20] 



http://www4apdlopo.gojp/cgi-bin/tran_web_cgi_ejje 



4/6/2004 




THIS PAGE BLANK (uspto) 



Fiq.8 3>t^-*^ft , EM«ffffi-i'*-> ; 

(5 0 0 0 OB) 

q) TiAIN 



Page 9 of 9 




____________ 



TiAlYN (*«) 




[Translation done.] 

http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi__ejje 



4/6/2004 



THIS PAGE BUNK (uspto, 



